ABSTRACT. Serological tests were performed to investigate extent of tick-borne diseases in dogs infested with Rhipicephalus sanguineus at a kennel in Okayama Prefecture. Three of 22 dogs (13.6%) were positive for Ehrlichia canis. Two of 19 dogs (10.5%) were positive for Rickettsia japonica. Three of 22 dogs (13.6%) were positive for Babesia gibsoni. None of these animals were positive for Coxiella burnetii or Hepatozoon canis. A microfilaria was detected in a drop smear of hemolymph from an engorged female tick, however species was not determined. It is possible that these ticks can transmit pathogens to domestic dogs which are rare in Japan. -KEY WORDS: canine, Rhipicephalus sanguineus, tick-borne disease.
burnetti, plasma dilution was started at 1:8, and titers of 1:64 or more were taken as positive. A dilution of 1:80 was used for screening of B. gibsoni.
The results of serological tests are shown in Table 1 . Three of 22 dogs (13.6%) were positive for E. canis. The positive rate was significantly higher (Fisher's exact probability 0.0121) than that reported by Yamamoto et al. [19] who found that 1.9% of dogs had antibodies against E. canis in the Kyushu area. One of the positive dogs (No. 1) in our study was imported from the U.S.A. to the kennel in 1987 and the other positive dog (No. 11) was born in the kennel in 1988. Another positive (No. 19) was born in Hyogo Prefecture and brought to the kennel in 1991. New infection in the kennel was probably caused by infestation of the tick.
Two of 19 dogs (10.5%) were positive for R. japonica. The result of our study was similar to a previous study in Shimane Prefecture (18.3%) [4] and Shikoku (12.7%) [9] ; both are known as endemic area. Rickettsia japonica is highly pathogenic to man for Japanese Spotted Fever in Japan and it is transmitted mainly by Haemaphysalis spp. [17] . The two of positive dogs were born in Japan: one in Hyogo (No. 19) and another in Shimane (No. 21) Prefecture. It was suspected that those two dogs were locally infected with R. japonica. None of the dogs were positive for C. burnetii. Hirai reported that 15.0% (95/632) of dogs had antibodies to this pathogen in Japan (Gifu and Tsukuba) [3] . Geographical distance may have been responsible for this difference.
None of the dogs showed positive results for infection with H. canis, although the protozoa is known to be transmitted by R. sanguineus [2, 7, 16] . Three of 22 dogs (13.6%) were positive for B. gibsoni. Two of them were from Okayama, and the other was from Hyogo Prefecture. Babesia gibsoni can be transmitted by both R. sanguineus and H. longicornis. Actually H. longicornis is a main vector of B. gibsoni in Japan, probably the positive dogs might be locally infected with B. gibsoni through H. longicornis. R.
The brown dog tick (Rhipicephalus sanguineus) is well known as a vector of some pathogens of dogs such as Babesia canis [7, 16] , Babesia gibsoni [7, 16] , Hepatozoon canis [2] , Ehrlichia canis [10] , Coxiella burnetii [8] , spotted fever group rickettsia [1] , and the filaria nematode Dipetalonema spp [12, 13] . However, there have been few reports on the distribution of R. sanguineus except in Okinawa Prefecture in Japan [18] . Previously, the incidence of R. sanguineus at a kennel in Okayama Prefecture, that was thought to be introduced from the U.S.A. by imported dogs, was reported [5] , but not any infectious agents in blood smear samples from the dogs was found [5] . In the present study, additional serological tests were performed and tick hemolymph smears were examined to detect infection by those tick-borne diseases.
Twenty-two mature hunting dogs, 10 males and 12 females, were kept at a kennel in Okayama Prefecture. Four of the dogs had been introduced from the U.S.A. and none of them were from Okinawa Prefecture ( Table 1 ). All of the dogs were infested with R. sanguineus at the time of examination [5] .
An indirect fluorescence method was used to detect some antibodies against E. canis, C. burnetii, Rickettsia japonica, H. canis and B. gibsoni. DH82 cells infected with E. canis were used as antigens to examine antibodies against E. canis [14] . Anti-C. burnetii antibodies were detected by using BGM cells infected with C. burnetii Nine Mile phase II [20] . For R. japonica, VeroE6 cells infected with R. japonica were used [11] . Antibodies against H. canis were detected with the method described by Shkap et al. [15] . Dog leukocytes infected with H. canis gametocytes were isolated from a dog patient at the Animal Hospital, Yamaguchi University. An FA assay kit (VMRD, U.S.A.) was used to detect antibodies against B. gibsoni. Common method of the indirect fluorescence was used. Two-fold dilution of plasma was used for E. canis and H. canis, plasma dilution was started from 1:10 and titers of 1:20 or more were classified as positive. For R. japonica and C. sanguineus is also known to transmit B. canis [7, 16] , though the antibodies against the protozoa were not examined in this study.
A drop of hemolymph was collected from 20 engorged female of R. sanguineus ticks that were detached from dogs. The hemolymph was smeared on a slide glass and fixed with 100% methanol, followed by staining with Giemsa. A microfilaria was seen in a smear sample (Fig. 1) . It was 160 µm of length and 6 µm of width on the dry smear, and had no sheath. It was much smaller than the microfilaria of Dirofiralia immitis. As the detail structure could not be observed in the smear, the species of the microfilaria was not identified. Rhipicephalus sanguineus is a vector of dog filaria, D. dracunculoides [12, 13] . The microfilaria might have belonged to Dipetalonema spp.
Rhipicephalus sanguineus is not a common tick species in Japan except in Okinawa Prefecture [18] . The tick can be introduced from imported dogs and established at local kennels [6] . It is possible that the tick may transmit the pathogenic agent which are very rare in Japan, such as E. canis, especially in domestic dogs. Due to the close proximity of the kennel and the owner's house, it is also possible that the tick may transmit zoonotic agencies from dogs to human such as R. japonica. 
